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patients 1, 2, 7, 16, 17, [23] [24] [25] or a single complication, 5, 10, [13] [14] [15] while others have been limited to single centers 5, 7, 9, 10 or to the adult population. 7, 18, 20, 21 Few studies have provided a comprehensive description of patient characteristics, operative factors, and comorbidities on short-term morbidity and mortality after spinal arthrodesis in children. 6 With an increasing number of procedures being performed in the United States, further characterization of the short-term outcomes of patients undergoing spinal arthrodesis in the pediatric population is warranted.
The American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) is a multicenter pediatric database that aims to collect short-term data on pediatric patients undergoing a wide array of procedures for all indications. This database was used to determine clinical outcomes in pediatric patients undergoing spinal arthrodesis. Our objectives were to 1) analyze the short-term mortality rate, complications, reoperation rates, and readmission rates; and 2) identify significant patient risk factors for short-term mortality rate, complications, reoperation rates, and readmission rates. Information from this analysis may bolster continued initiatives to optimize patient care by allowing health care teams to more effectively stratify preoperative risk and counsel patients and their families.
Methods

Patient Selection From NSQIP Database
Pediatric patients (< 18 years) who underwent spinal arthrodesis during the years 2012-2014 were identified from the ACS NSQIP pediatrics database using specified Current Procedural Terminology codes (22800, 22802, 22804, 22840, 22842, 22843, 22844). The methodology and characteristics of the database have been previously described. 20, 21 Patient demographics, including age, sex, race, American Society of Anesthesiologists (ASA) classification, body mass index (BMI), comorbidities, and preoperative serum albumin, were abstracted for analysis. The spinal arthrodesis procedure performed, operative time, 30-day mortality, and postoperative complications were also included.
Statistical Analysis
The primary outcome measures were short-term mortality rate and complications. Secondary outcomes were reoperation and readmission rates. A descriptive analysis was performed detailing the short-term mortality rate, complications, reoperation rates, and readmission rates in patients who underwent the procedures corresponding to the specified Current Procedural Terminology codes. Subsequent univariate and multivariate analyses were done to delineate patient risk factors that influence short-term mortality, complications, reoperation rates, and readmission rates. The multivariate analysis was performed using multivariate logistic regression models adjusting for age, sex, race/ethnicity, comorbidities, BMI, ASA classification, arthrodesis procedure, operative time, blood loss, readmission, infection, reoperation, instrumentation failure, or other complication. A p value < 0.05 was considered statistically significant. 
Results
Patient Demographics and Preoperative Characteristics
Between 2012 and 2014, 4420 pediatric patients in the NSQIP database underwent spinal arthrodesis. The mean patient age was 13.7 ± 2.9 years, and approximately 70% were female. The majority of patients (66.7%) were white, and 15% were black. Overall, 1.3% of the patients received steroids within 30 days of their spinal arthrodesis procedure, while 53 patients (1.2%) had undergone a prior operation within 30 days of the fusion. Blood transfusions were performed in 2.9% of patients within 48 hours prior to the surgery, and 3.7% of them had inotropic support at the time of surgery (Table 1) . Preoperative albumin levels were available for 1318 patients (30%), and of those patients, 97% had values ≥ 3.6 g/dl.
Operative Characteristics
Adolescent idiopathic/acquired scoliosis and/or kyphoscoliosis were the most common indications for spinal arthrodesis, representing 71.2% of the patient population. Genetic/syndromic scoliosis was the primary diagnosis in 10.7% of cases; 5.8% of patients had congenital/acquired deformity of the spine other than kyphosis, scoliosis, or lordosis (i.e., fusion of the vertebrae, hemivertebrae, or absence of a vertebrae, among others); 3% had a primary diagnosis of neuromuscular disorders other than cerebral palsy; and 2% had abnormalities of the bone or cartilage. Tumor and trauma as indications for surgery represented a minority of the patients, accounting for 0.18% and 0.11%, respectively (Table 1) . Other operative indications are also presented in Table 1 . A significant number of cases were elective; 66% of patients had an ASA classification ≤ II. Patients' wounds were classified as clean in the majority of patients (Table 1 ). The mean operative time was 296.5 ± 117.1 minutes, with a mean anesthesia time of 404.6 ± 131.9 minutes.
Postoperative Outcome
The short-term mortality rate was 0.14%, 3.6% of the patients underwent unplanned reoperations within the 30-day period, and 3.96% had unplanned readmissions. A bleeding or transfusion event was documented in 67.2% of the patients, and a significant number of patients (9.0%) sustained a variety of complications (Table 2) . Surgical site infections (SSIs) complicated a number of cases, with 1% of patients having superficial SSIs, 1.1% having deep incisional SSIs, 0.27% sustaining organ/space SSI, and 0.84% having wound disruption. Pneumonia occurred in 1.4% of patients, another 1.4% had an unplanned intubation, and 1.2% had a UTI. The incidence of complications, including SSI, seizure, stroke, nerve injury, and thromboembolic events, among others, is reported in Table 3 .
Of the unplanned readmissions (n = 134) with an indicated reason, deep incisional SSI, wound disruption, superficial SSI, and organ/space SSI were the most common, representing 25.4%, 19.4%, 10.4%, and 3.7%, respectively (Fig. 1 ). Reoperations were frequently performed for complex wound infections (13.8%), incision and drainage of a deep abscess (18.7%), hematoma/seroma fluid collection (8.2%), reinsertion of a spinal fixation device (6.9%), and posterior arthrodesis (6.9%). Reoperation indications and procedures are presented in Table 4 .
Univariate and Multivariate Analyses of Risk Factors for Reoperation
Univariate analysis revealed a number of significant risk factors (p < 0.05) for reoperation, including pulmonary comorbidities (ventilator dependence, pneumonia, oxygen support, and structural pulmonary/airway abnormality), esophageal/gastric/intestinal disease, CNS conditions (cerebrovascular accident/stroke or traumatic/ acquired brain injury with resulting neurological deficit, developmental delay/impaired cognitive status, seizure disorder, cerebral palsy, structural CNS abnormality, and intraventricular hemorrhage), neuromuscular disorder, nutritional support, blood transfusion, acute renal failure, and wound complications (including open wounds, superficial SSI, deep incisional SSI, organ/space SSI, and wound disruption) (Table 5) .
Multivariate analysis revealed only 2 characteristics as significant risk factors (p < 0.05) for reoperations, namely, female sex and pulmonary comorbidities (i.e., ventilator dependence, current pneumonia, asthma, cystic fibrosis, history of chronic lung disease, oxygen support, and structural pulmonary abnormalities) with ORs of 1.43 and 1.78, respectively (Table 6 ).
Discussion
Understanding the risk factors and patient characteristics associated with unexpected outcomes has become increasingly important as health care agencies seek to implement quality control measures. Readmissions, reoperations, and complications can result in a significant burden on the health care system, with increased costs associated with patient morbidity. While a number of studies have reported on the short-term outcomes of pediatric patients undergoing spinal arthrodesis for spinal deformity or specific complications after spinal arthrodesis, few have investigated patient characteristics; comorbidities; and mortality, reoperation, and readmission rates in pediatric patients undergoing spinal arthrodesis for all indications. In this study, we used the ACS NSQIP database to identify pediatric patients undergoing spinal fusion surgeries for all indications to better characterize short-term outcomes in patients.
In this analysis, we were able to identify 4420 pediatric patients who underwent spinal arthrodesis with scoliosis and/or kyphoscoliosis being the most frequent indication for operation. We found that our analysis was comparable to those of other studies with similar populations. 9 Furthermore, in our analysis the overall mortality was 0.14% with an overall complication rate of 9.0%. The values obtained for overall morbidity and mortality are comparable to those reported in the literature for pediatric patients undergoing spinal fusion, particularly for spinal deformity. 3, 4, 8, 16, 19 SSIs and wound dehiscence were the most common complications and also accounted for a majority of the indications for readmission and/or reoperations. Several studies have also demonstrated that wound infections and wound dehiscence represent the most common complications following spinal arthrodesis in this population. 11, 15, 16 We found that the unplanned readmission and reoperation rates were 3.96% and 3.6%, respectively. Pugely et al. 16 recently reported similar readmission (3.94%) and reoperation (3.74%) rates in patients undergoing arthrodesis for pediatric spinal deformities, and Minhas et al. 15 reported a 30-day readmission rate of 3.4% in pediatric patients in the NSQIP database who underwent surgical treatment of pediatric scoliosis. Li et al. 12 also reported a 30-day reoperation rate of 2.1% in a single institution of patients undergoing fusion for spinal deformity. Jain et al., 9 utilizing information from a single institution, reported a 90-day readmission rate of 8.0%, with a similar unplanned reoperation rate of 4% in patients undergoing spinal fusion for all indications. The unplanned readmission rates were higher in their cohort, which might be explained by the longer follow-up of their patients or the complexity of the cases seen at the tertiary institution. Notwithstanding, our reported values are comparable to those reported in the literature.
Pulmonary, CNS, gastrointestinal, and cardiac conditions were the most common comorbidities among this patient population. Univariate analysis revealed a number of significant factors associated with reoperation, including pulmonary comorbidities, esophageal/gastric/intestinal disease, CNS conditions, neuromuscular disorder, nutritional support, blood transfusion, acute renal failure, and wound complications. Interestingly, however, multivariate analysis demonstrated that female sex and the presence of pulmonary comorbidities significantly increased the odds of reoperation. The literature has shown that there is a higher rate of readmission and reoperation among patients with con- genital, genetic/syndromic, or neuromuscular scoliosis, as well as pulmonary complications. 9, 16 Respiratory complications represent a small percentage of the complications that can occur following spinal fusion, especially in the setting of the high prevalence of pulmonary comorbidities among pediatric patients who undergo such procedures. Sullivan et al. 22 recently developed a model that demonstrated that preoperative pulmonary function increased the likelihood of patients requiring a higher level of postoperative care. Taken together, these results suggest that optimizing pulmonary function prior to a spinal arthrodesis procedure can potentially lead to decreased morbidity in this patient population. Female sex, on the other hand, has not been reported to affect the reoperation or readmission rate of spinal fusion patients. Females represented approximately 70% of the patients in our analysis, and, therefore, further investigation into this finding is warranted to ensure the best possible outcomes for these patients.
While the NSQIP database allows for an analysis of patients from multiple centers, there are nonetheless a number of limitations inherent in its use for this study. These include information bias with a short-term follow-up of 30 days, which constrains our assessment of long-term patient outcomes. Additionally, even though NSQIP provides a wealth of data on numerous surgical variables, there is a distinct lack of specific variables addressing spinal surgeries, such as the hardware-including screws, rods, plates and cages-used during arthrodesis and the exact number of levels fused, and the implications these have on patient outcomes. There is also the potential for sample bias given that the data collected may not be representative of all hospitals in the United States. Also, these comparisons are limited to available hospital characteristics and collected outcome measures. As such, there may be other unknown risk factors that better predict morbidity and mortality associated with spinal arthrodesis in the pediatric population.
Conclusions
Spinal arthrodesis is commonly performed in the pediatric population for pediatric spinal deformity and rarely for spinal tumors and trauma, among others. Understanding the patient factors that lead to undesired outcomes is essential for decreasing morbidity and mortality of pediatric patients undergoing these procedures. The use of the NSQIP database provides an avenue to assess patients from multiple centers. Our analysis revealed a 3.6% rate of unplanned reoperation, a 3.96% rate of unplanned readmission, and a 9.0% complication rate. Furthermore, the presence of pulmonary comorbidities and female sex represent significant risk factors for reoperation. 
